material was first milled and sieved. The dry plants' medicinal components were then extracted by way of different solvents: ethanol alcohol absolute 99,8% (POCh, Gliwice, Poland), ethanol 96% (pure-basic, POCh Gliwice, Poland), 70% aqueous ethanol or ethyl acetate (ACS pure p.o., POCh Gliwice, Poland), at room temperature (about 25°C), by using the maceration method, for 48 h, in a 1:10 material/ solvent ratio. After extraction, the samples were filtered using standard filter paper. The solvents were subsequently evaporated by way of employing the rotary evaporator (IKA RV Basic, Germany) under reduced temperature below 50°C. The amorphous solid crude extracts were then tested for microbial properties. In the case of that treated by way of 70% aqueous ethanol solvent, samples were evaporated under reduced pressure, and the obtained residue was frozen in a vertical low temperature freezer (GLF, Germany) at -50°C and then lyophilized (Christ, Alpha 2-4 LD Plus, Germany).
Antibacterial activity assay in vitro. The extracts obtained from coneflower herbs, chamomile flowers, peppermint leaves and thyme herbs were screened for activity towards H. pylori ATCC 43504 (the reference strain being obtained from the American Type Culture Collection), by way of the micro-dilution broth method, using Mueller-Hinton broth supplemented with lysed horse blood, allowing for the determination of the minimal inhibitory concentration (MIC) of the tested extracts. Serial two-fold dilutions were made in order to obtain final concentrations of the tested extracts, which ranged from 0.98 to 1000 μg/mL. The sterile 96-well polystyrene microtitrate plates (Nunc, Denmark) were prepared by dispensing 200 µl of appropriate dilution of the tested extract in broth medium per well. The inocula were prepared with fresh microbial cultures in sterile 0.85% NaCl to match the turbidity of 1.0 McFarland standard, and 2 ml were added to the wells to obtain a final density of 3.0 × 10 6 CFU (colony forming units)/ml. After incubation at 35°C for 72 h under microaerophilic conditions (5% O 2 , 15% CO 2 and 80% N 2 ), the MICs were assessed visually as the lowest concentration of the extracts showing complete growth inhithe extracts showing complete growth inhishowing complete growth inhibition of the reference strain. A positive control (containing inoculum without the tested extracts) and a negative control (containing the tested extracts without inoculum) were included on each microplate. Bisabolol alpha, menthol, and thymol (P.P.H. "Standard", Poland) were used as the reference substances. Minimal bactericidal concentration (MBC) was determined by subculturing 100 ml of the microbial culture from each well that showed thorough growth inhibition, from the last positive and from the growth control, onto the plates of Mueller-Hinton agar supplemented with horse blood. The plates were incubated at 35° for 72 h under microaerophilic conditions, and the MBC was defined as the lowest concentration of the extracts without growth of microorganisms. The MBC/MIC ratios were calculated to determine the bactericidal or bacteriostatic effect of the assayed extracts. Of note, in our work, antibacterial agents are usually regarded as bactericidal if MBC/MIC is no more than four times the MIC [6] . Each experiment was repeated in triplicate. Representative data are presented.
RESULTS
The activity of the extracts from coneflower herbs, chamomile flowers, peppermint leaves and thyme herbs towards H. pylori ATCC 43504 was determined in vitro by way of employing the micro-dilution broth method, allowing for the determination of MIC. The extracts were obtained using solvents of different polarity. The obtained data are shown in Table 1 . As seen in the table, the MIC values of the assayed plant extracts ranged from 15.6-250 μg/ml, depending on the plant material and solvent. The extracts from chamomile flowers showed activity against the reference strain of H. pylori with MIC = 31.3-62.5 μg/ml, while the extracts from coneflower herbs showed MIC = 31.3-125 μg/ml, the extracts from peppermint leaves had MIC = 15.6-250 mg/ml,and the extracts from thyme herbs revealed MIC = 15.6-62.5 μg/ml. The most active were the plant extracts obtained either with ethyl acetate or ethanol (99.8%), both showing MIC within the range of 15.6-62.5 mg/ml, while the lowest activity was observed in case of the extract obtained by way of ethanol (70%) -this showing MIC within the range of 62.5-250 μg/ml. Furthermore, the MIC values of essential oil components were 15.6 μg/ml for bisabolol and menthol or 31.3 μg/ml for thymol. As presented in Table 1 
DISCUSSION
Numerous plant species have been utilized as traditional medicine (phytotherapy) in many parts of the world, for thousands of years. The employed medicinal plants contain a lot of biologically active compounds, e.g. essential oils, and may display potential antimicrobial properties [2, 3, 8, 13] . Indeed, phytotherapy has been used for centuries to treat various gastrointestinal tract disorders. The gastroprotective effects of herbs are multidirectional, including anti-H. pylori [3, 8, 14] .
Current Issues in Pharmacy and Medical Sciences
The anti-H. pylori activity of plant extracts, infusions or decoctions, as well as essential oils or other plant compounds is studied in vitro usually by way of the disc diffusion method or the micro-dilution method [1, 4, 5, 7, 9, 11, 15] . The latter is recommended by the Clinical and Laboratory Standards Institute (CLSI) in USA and the European Committee on Antimicrobial Susceptibility Testing (EUCAST) for determining MIC of antimicrobial substances [18] . As proposed by O`Donnell et al. [10] , the bioactivity of the naturally occurring and synthetic substances should be defined as 'moderate' in case of MIC = 126-500 mg/ml, as 'good' in case of MIC = 26-125 μg/ml, and as 'strong' with MIC = 10-25 μg/ml. In this paper, the activity in vitro of the plant extracts obtained from species belonging to Asteracea (extracts from coneflower herbs and chamomile flower), and to Lamiaceae (extracts from peppermint leaf and thyme herbs) towards the reference strain H. pylori ATCC 43504 was determined using the micro-dilution broth method. The obtained MIC data indicate that the assayed extracts, especially those obtained with ethyl acetate or ethanol (99.8%), possessed strong or good in vitro activity against H. pylori ATCC 43504. These results are comparable to that of the representative components of essential oils such as bisabolol, menthol and thymol. Further studies will be performed to confirm the activity of these extracts against clinical H. pylori isolates, including those showing drug resistance, and to study a possible mechanism of their anti-H. pylori activity.
CONCLUSION
The results presented in this paper indicate that coneflower herbs, chamomile flowers, peppermint leaves and thyme herbs cultivated in the Lubelszczyna region can be regarded as potential herbal medicines having promising bioactivity anti-H. pylori, and having potential for being used in prophylaxis or as adjuvant agents in H. pylori infection treatment.
